Background: Effective approaches to education about asthma need to be identified. We evaluated the impact on asthma control by children and their caregivers of an intervention involving small-group, interactive education about asthma.
Methods:
We randomly assigned children who visited an emergency department for an exacerbation of asthma (n = 398) to either of 2 groups. Children assigned to the control group followed the usual care recommended by their primary care physician. Those assigned to the intervention group participated in a small-group, interactive program of education about asthma. We examined changes in the number of visits to the emergency department during the year after the intervention.
Results: During the year after enrolment, children in the intervention group made significantly fewer visits to the emergency department (0.45 visits per child) compared with those in the control group (0.75 visits per child) (p = 0.004). The likelihood of a child in the intervention group requiring emergency care was reduced by 38% (relative risk [RR] 0.62, 95% confidence interval CI 0.48-0.81, p = 0.004). Fewer courses of oral corticosteroids (0.63 per child) were required by children in the intervention group than by those in the control group (0.85 per child) (p = 0.006). We observed significant improvements in the symptom domain of the questionnaire on pediatric asthma quality-of-life (p = 0.03) and the activity domain of the questionnaire on caregivers' quality of life (p = 0.05). Parents of children in the intervention group missed less work because of their child's asthma after participating in the educational program (p = 0.04). No impact on hospital admissions was observed.
Interpretation: Education about asthma, especially in a small-group, interactive format, improved clinically important outcomes and overall care of children with asthma. the material. They can learn from each other in a supportive, nonjudgmental environment. They can both give and receive peer-oriented feedback. They can practise skills that can be applied later in real-life situations. Learners retain and transfer knowledge more effectively when they are able to practise what they have learned. 18 For children with asthma and their families, such a model would help facilitate memory retention and a higher comfort level with future decisions related to management of asthma.
We conducted a randomized controlled trial to evaluate the impact on asthma control of an intervention involving smallgroup, interactive education of children with asthma and their caregivers.
Methods

Participants
We conducted the study at the Children's Hospital of Winnipeg, located in a moderate-sized urban setting in the Canadian prairie province of Manitoba. The hospital's emergency department had 40 000 visits per year, 3500 of which were due to acute asthma. We used emergency department records to identify children who had a diagnosis of asthma. We used letter and telephone-based follow-up to contact families of the children to invite them to participate in the study. Children were eligible if they were aged 3-16 years, had physician-diagnosed asthma and had required a visit to the emergency department for acute asthma during the recruitment phase. We excluded children who had other serious chronic illnesses, including respiratory illnesses other than asthma. We also excluded families for whom a significant language barrier existed. We did not offer incentives for participation. During the recruitment phase, we performed screening by contacting families by telephone after their visits to the emergency department. We closed recruitment after we reached our target for enrolment (n = 400). We randomly assigned each child to either the control group or intervention group on their first visit to the study site..
Study protocol
We assessed participating children and their families at a hospital-based site called the Children's Asthma Education Centre. We collected the following data: a focused asthma history, height and weight, medications used, responses to the Pediatric Asthma Quality of Life Questionnaire 19 for children aged 7 years or older, responses to the Pediatric Asthma Caregiver's Quality of Life Questionnaire, 20 the Classroom Productivity and Caregiver Work Productivity questionnaires related to asthma (adapted from an existing questionnaire on allergy-related impairment), 21, 22 and number of visits made to the emergency department during the year before enrolment. We performed spirometry for children aged 7 years and older using the Vitalograph-Compact Spirometer (Vitalograph Ltd., Buckingham, United Kingdom).
We randomly assigned families to either of 2 groups. Children assigned to the control group followed the usual care recommended by their primary care physician and were given a booklet with basic information on asthma (Appendix 1, available at www .cmaj .ca /cgi /content /full /cmaj .080947 /DC2). The booklet had been developed previously for children admitted to hospital for an exacerbation of asthma. Children assigned to the intervention group participated in our program of education about asthma along with their usual care. At the time of our study, usual care did not include oneon-one education on asthma by an educator. We randomized the assignment of families based on a computer-generated allocation in blocks of 10. Because of the nature of the study, blinding was not possible. We assessed participants in both study groups at 12 months after enrolment using the same tools as in our initial assessment.
Our study was approved by the Faculty Committee on the Use of Human Subjects in Research, based at the University of Manitoba. Funding was provided by Manitoba Health, the Winnipeg Children's Hospital Foundation and unrestricted educational grants from AstraZeneca, Merck Frosst and Glaxo SmithKline.
Educational program
The Children's Asthma Education Centre developed a 4-week educational program using materials containing core content and supplemental resources that were based on recommendations from the Canadian Asthma Consensus Statement 23 on education about asthma. These materials included a programspecific booklet for families enrolled in the educational program (Appendix 2, available at www .cmaj .ca /cgi /content /full /cmaj .080947 /DC2) and personalized mailings to reinforce the program's key messages (Appendix 3, available at www .cmaj .ca /cgi /content /full /cmaj .080947 /DC2). Pamphlets on asthmarelated topics, which were produced by the centre for a reader comprehension level of grade 8 or below, were also used.
The educational program was targeted to either the parent or the child, or both, depending on the age of the child, with core content adapted for age level as appropriate. The educational content was the same for each group. For children aged 3-6 years, parents were the participants in the intervention. For children aged 7-11 years, both parents and children participated in the education sessions, but did so in separate groups. For adolescents (aged 12-16 years), only the adolescent attended the program ( Figure 1 ). The educational program was designed for a group of 6-8 participant families or adolescents and addressed different topics of importance in the management of asthma. The program was delivered by a nurse-educator experienced in asthma management and a respiratory therapist who were among the first nationally certified asthma educators in Canada. Groups met for about 1.5 hours per week over 4 weeks to discuss 4 themed topics (Appendix 4, available at www .cmaj .ca /cgi /content /full /cmaj .080947 /DC2).
An important part of the program was the promotion of small-group interaction for children and their families. Parents actively discussed their successes and failures in the management of their child's asthma. Children and their families learned from each other as well as from the educator. The educator acted as a resource and guide for the discussion. In addition, families were sent personalized mailings at 2, 4, 6 and 12 months after enrolment that reinforced key educational messages using the program's main topics (Appendix 3, available at www .cmaj .ca /cgi /content /full /cmaj .080947 /DC2).
Outcome measures
The primary outcome measure was change in the number of visits to the emergency department during the year after the intervention. Secondary outcome measures included the impact of asthma-related education on the number of admissions to hospital, quality of life, use of oral corticosteroid therapy for exacerbations of asthma, productivity in the workplace and pulmonary function. We calculated a sample size of 400 (200 in each group) to provide a power of 80% with an α of 0.05 or less.
Statistical analysis
We performed an intention-to-treat analysis for number of emergency department visits. We analyzed results using repeated-measures analysis of variance, including the primary outcome measure. In addition, we performed a Poisson regression analysis to determine relative risks (RRs) for visits to the emergency department, hospital admissions and use of oral corticosteroids. For secondary outcomes, we used t tests, Fisher exact test and χ 2 analysis. We considered a p value of 0.05 or less to be significant. Our primary hypothesis was that our intervention would result in a 25% reduction in visits to the emergency department by participants in the intervention group.
Results
Participants
Over a 30-month period, we identified 2901 eligible children from emergency department records. The recruitment and flow of participants through the study is shown in Figure 2 . We sent letters to all of the families of eligible children to invite them to participate and followed up by telephone. Of the 1120 families who responded, 41% declined to participate, 11% were unsure whether their child had asthma and 11% expressed interest in education but could not commit to it at that time. Of the 415 families who agreed to participate, 17 did not arrive for the initial assessment and 398 were enrolled. We carried out enrolment from June 1997 to January 2000.
The demographic characteristics of participants are shown in Table 1 . In both the intervention and control groups, most children had made 1 visit to the emergency department in the year before enrolment (77% in each group). The groups also had similar proportions of participants who had made 2 visits (15% v. 12%) and who had made 3 or more visits (6.5% v. 5.9%). Use of inhaled corticosteroids, either intermittently or regularly, was not statistically different between the 2 groups. The distribution across socio-economic levels among the families in our study concorded generally with that of families seen in our emergency department. Ethnic background (accorded by self-identified maternal heritage) was similar in both groups. The groups also had similar proportions of livein smokers and of families that allowed smoking inside the home. No significant differences existed in number of visits made to the emergency department, number of hospital admissions, pulmonary function or oral corticosteroid use during the year before enrolment. The level of attendance at the program's classes was 65% in the preschooler group, 80% in the school-aged group and 79% in the adolescent group.
Primary outcome
The number of visits to the emergency department decreased in both the control and intervention groups ( 
Secondary outcomes
The number of admissions to hospital was low in both groups. Each group showed a significant drop in admissions but we observed no significant difference between the groups (Table 2) . Compared with the control group, the intervention group used fewer courses of oral corticosteroid therapy per patient during the year after enrolment (p = 0.006). The likelihood of a child in the intervention group requiring oral corticosteroids was reduced by 36% (RR 0.64, 95% CI 0.50-0.82, p = 0.001).
For children who were able to undergo spirometry testing (control n = 79, intervention n = 70 at study completion), we analyzed results using percent-predicted forced expiratory volume in 1 second (FEV 1 ). We found no difference in the percent-predicted FEV 1 between groups. Asthma education had a significant impact on workplace productivity for primary caregivers who worked outside of the home (control n = 79, intervention n = 65). Primary caregivers in the intervention group missed significantly less work than those in the control group in the month before the final assessment at the end of the follow-up period (p = 0.04).
In both the control and intervention groups, we observed significant improvement in total scores on the Pediatric Asthma Quality of Life Questionnaire during the year after enrolment. In the symptom domain, a clinically important statistical difference (a change of 0.5 unit per question) was observed in favour of the intervention group (p = 0.03). Caregivers in both groups showed significant improvement in scores on the Pediatric Asthma Caregiver's Quality of Life Questionnaire during the year after enrolment. This improvement was greater in the intervention group, but not significantly so (p = 0.10). In the domain of activities, we observed both a statistical (p = 0.05) and clinically important difference in the intervention group compared with the control group. At completion of the study, 35% of the homes of participants had smokers living in them, with no significant difference between the intervention and control groups. Among families in the control group, 30% continued to allow smoking in the home, as compared with 18% of those in the intervention group (p = 0.019).
Interpretation
The program of education about asthma provided by the Children's Asthma Education Centre significantly reduced the need for hospital-based emergency services among participating children with asthma. Asthma-specific quality of life improved in the domains of the children's assessments of their symptoms and in caregivers' scores. Primary caregivers of participating children lost fewer workplace hours. This reduction implied that the asthma was under better control. It was consistent with studies showing that the number of workdays lost by caregivers was correlated highly with level of control of asthma. 24 Fewer courses of oral corticosteroid therapy were required by participants during the year after enrolment. Our study was prospective and randomized, with an appropriate control group that had no in-depth intervention. Our use of a control group was particularly important because, as we expected, a regression toward the mean occurred wherein participants in the control group made significantly fewer visits to the emergency department for acute asthma during the year after enrolment. Nevertheless, we observed a significantly greater reduction in visits among children in the intervention group.
Small-group interaction was the major learning tool of our educational intervention. This tool provided parents and children with opportunities to share their experiences with asthma, solve problems together and provide support to one another while allowing role-modelling to occur. From a theoretic perspective, small-group interaction is a highly desirable tool for enhancing education. [16] [17] [18] Other investigators have observed a reduction in the severity of asthma only when knowledge was imparted in an interactive setting. 25 Interactive learning may also increase the confidence of families in managing asthma, although we recognize that this method of learning will not be suitable for all people or all situations.
Individual studies undertaken through 2004 have shown that education about asthma improves knowledge about asthma, 7,26-34 although it does not guarantee an improvement in other outcomes. Some studies have suggested a relation between educational intervention and improvement in attitudes or self-management skills. 7, 15, [34] [35] [36] [37] [38] [39] Educational interventions may be connected to improvements in quality of life [40] [41] [42] and peak expiratory flow rates. 8, 43 The most important outcomes of providing education about asthma involve changes in the use of health care services. Post-education outcomes that have been identified by researchers include reductions in the numbers of visits to emergency departments, admissions to hospitals and unscheduled visits to physicians, and in costs related to health care. 8, 10, 26, [44] [45] [46] [47] From 2005 onward, an increasing number of randomized control trials have been performed. [48] [49] [50] [51] [52] [53] [54] [55] Some have focused on schools with children as the target learners [50] [51] [52] or included a multifaceted approach with education as one component. 50, 53, 54 The results generally have been positive, showing increases in knowledge, fewer symptoms and fewer absences from Note: FEV 1 = forced expiratory volume in 1 second, RR = relative risk, SEM = standard error of mean. *Results were based on an intention-to-treat analysis. †Calculated based on percentage of total work hours missed during the month before assessment. ‡Results were based on Poisson regression analysis. §Results were based on repeated measures analysis of variance. **Results were based on χschool. Although studies that involved multifaceted programs showed fewer visits to emergency departments, it is difficult to conclude with certainty that such outcomes are attributable solely to the educational component in these studies. 53, 54 Our program remains unique in that it incorporates the principles of small-group learning for children or for both children and their parents and includes only an educational intervention.
Limitations and strengths
Our study has limitations. It did not have sufficient power to assess the differences in outcomes between different age groups. We encountered difficulties in recruiting participants. Only 37% of the families with whom we had direct contact were enrolled. We may not have reached the population most in need of education, despite the representation of a broad variety of different socioeconomic backgrounds among the families of enrolled participants. Families who participated in our program were highly motivated. It would be difficult to assess the impact of our intervention in a less motivated group. Whereas this difficulty is true for any educational program, we uniquely used interactive strategies to motivate families to become active participants in the management of their children's asthma. For families to participate in the interactive classes, time and commitment were required of them by our program. Although we believe that our program consisted of "need to know" information only, asking families in today's hectic world to attend 4 classes (1.5 hours weekly for 4 weeks) may be asking too much. Further investigation is needed to assess the impact of a modified and shorter program.
We believe that the most important feature of our educational program was the interaction that it fostered between participants in their respective smallgroup settings. In the written feedback we received, parents and children reported that they felt less isolated when dealing with asthma and believed that they benefited from the group-oriented experience. Having other parents share their experiences may be a powerful learning tool. It may have a greater positive impact on strategies for the management of asthma than passively listening to someone teaching the same material. Opportunities to question, problem-solve and engage in activities with others who share similar challenges may serve to promote empowerment. These hypotheses will need to be tested using qualitative analysis.
Conclusions
Our small-group, interactive educational program for children with asthma was found to be effective in significantly reducing the need for hospital-based emergency services. During the year after enrolment, children of families who participated in the educational program required fewer courses of oral corticosteroid therapy and their primary caregivers lost fewer workplace hours. Quality of life for the children and their families improved. Education about asthma, especially in a small-group, interactive format, is an important aspect of overall care for children with asthma. Note: FEV 1 = forced expiratory volume in 1 second, SD = standard deviation, SEM = standard error of mean. *Unless stated otherwise. †According to participant-reported maternal heritage. ‡Based on age and height. Control n = 94, intervention n = 99. §Calculated based on percentage of total work hours missed in the month before assessment. Control n = 80, intervention n = 65.
